This paper describes some experiments aimed at elucidating the electrophoretic behaviour of polysaccharides related to starch in the presence of iodine and iodide. It has been explained in the previous paper (Mould & Synge, 1954) how these effects came to be observed. The role of iodide in the combination of starch polysaccharides with iodine was studied potentiometrically by Gilbert & Marriott (1948) and by Higginbotham (1949) , who give references to earlier work. It has, however, been neglected by most other workers despite the presence of iodide in nearly all of the systems used for studying the starch-iodine reaction. Our experiments also aimed at preparative fractionation of these polysaccharides, and for this purpose the continuous electrophoretic apparatus of Svensson & Brattsten (1949; cf. Grassmann & Hannig, 1950) was used with some modifications in design and operating procedure. Potentiometric and spectrophotometric studies of the behaviour of the isolated fractions with iodine and iodide are described in the following paper (Mould, 1954) .
EXPERIMENTAL Experiment8 in agar-agar gel8
Agar-agar. As explained in the preceding paper (Mould & Synge, 1954 ) the velocity of electroendosmosis greatly varied with different specimens of agar-agar although the relative velocities ofthe zones did not differ. No attempt has been made to relate electroendosmosis with composition or origin of the agar-agar; all the later experiments reported here were done with a batch of strip agar-agar, presumably Japanese, supplied before 1939 by British Drug Houses Ltd.
Apparatu8 and general procedure. This was according to Consden, Gordon & Martin (1946, Method B) . Gels were set in an enclosed trough 3-8 cm. broad and 0-7 cm. deep, the inlaid zone being 1 cm. broad. The agar was dissolved in boiling water at double the desired final concentration and the solution, when lukewarm, was mixed with an equal volume of solution of buffer constituents, KI and I2 also at double the desired final concentration. The mixture was immediately poured into the trough. It was important not to have hot agar and iodine together for longer than avoidable, as I2 concentration was diminished by chemical reaction. When the gel had set, the inlay zone was poured from solution made in the same way but including the specimen for study (dissolved with the agar). Electrophoresis was not started till about 1 hr. after the inlaying, to ensure thorough setting of the gel. Waiting for longer often gave precipitation of polysaccharide-iodine complexes. A potential gradient of 4-5 v/cm. was used. No special cooling was applied and temperatures of 30-40' prevailed during electrophoresis. Electrodes were, unless otherwise stated, perfused with solution having the same composition as the background gel, with agar omitted.
Appearance,s in a typical experiment. A run was done using (final concentrations) 2 % (w/v) agaragar, 0-04M sodium acetate buffer (pH 4-7), 0 001M-I2, 0-00145m-KI and 0.4% (w/v) acidhydrolysed amylose (Mould & Synge, 1954 ) (inlay only). During the time between inlaying and commencing the run, some diffusion occurred at the edges of the inlaid zone, the diffused material staining pinker than the purple colour of the body of the zone. Then 5.35v/cm. was applied, and immediately the cathode edge of the zone became orange-yellow while the anode edge became blue. Resolution was then observed into four separate coloured zones, separated by regions not different in colour from the general background in the trough. After 20 hr. from the start of the run these zones were located as follows, measured from the inlay: yellow-brown, 15-0 cm. towards cathode; orange, 8-5 cm. towards cathode; red, 4-0 cm. towards cathode; blue, 10 0 cm. towards anode. In the early stages of the run, the blue zone became broader than the other zones and did not migrate towards the anode. This is explained by the deficit of free iodine and iodide in the original inlay compared with the background gel due to combination with polysaccharide. As electrophoresis proceeded, I.7 migrating through the gel towards the anode at its final equilibrium concentration saturated successively the yellow-brown, orange and red zones and last the blue zone. The blue zone was initially further depleted by the faster anionic migration of I,-,, with the result that it broadened, losing anionic mobility. However, on resaturation by IJ moving from the cathode side, a compact zone of characteristic mobility was again formed. Another consequence of the initial undersaturation of the polysaccharide zones was that a colourless zone migrated from the inlay fastest towards the anode, having a velocity which we have assumed to be determined by the mobility of I3, the form in which most of the iodine in the background gel is thought to exist. This colourless zone has been used in determining the mobilities of the different complexes relative to that of IJ (see below).
Some of the agar-agar specimens studied, including that used in the experiments now described, gave a faint purple stain when made up in the trough with I2-KI as described above. This was presumably due to the presence in the agar-agar of some iodinestaining polysaccharide. In the present case, this background stain gave two well-defined boundaries which migrated at different rates away from the anode end of the gel, leaving behind the slower boundary a region of gel devoid of purple stain.
It was noted that, where there were lumps of imperfectly dispersed agar-agar in the gel, bluestaining material was unable to penetrate the lumps and collected on the side of the lump from which it was migrating irrespective of whether this was towards cathode or anode. A clear streak developed on the opposite side of each lump. Redand orange-staining materials were not affected by the lumps. These effects are attributed to molecularsieve action.
Effects of varying conditions: relative mobilities of the zones. Essentially similar results were obtained whether amylose hydrolysates made with HC1 or salivary amylase (Mould & Synge, 1954) were used. Relative intensities of the different zones varied with the extent of the hydrolysis. N-2:4-Dinitrophenylethanolamine (DNPE) could be included in the inlay as a marker of electroendosmotic movement of liquid in the gel (cf. James & Synge, 1951) . Its final concentration in the inlay was halfsaturation and it did not interfere with the movement of the polysaccharide zones, although the yellow-brown zone partly overlapped the DNPE zone and could not easily be seen. Using 1 % (w/v) agar-agar, 0-04M sodium acetate buffer (pH 4-7), 00005M-I2, 0-00145M-KI and salivary amylasehydrolysed amylose that had been freed from salt by dialysis in cellophan (0.5 mg./ml. in inlay), the zone centres had the following positions after 6 hr. at approx. 4v/cm.: DNPE, 7 0 cm. towards cathode; orange, 2-0 cm. towards cathode; red, 1 0 cm. towards cathode; blue, 2 7 cm. towards anode; decolorized (I3-), 7*7 cm. towards anode. Taking the position of the DNPE zone as giving zero mobility, the anionic mobilities relative to that of I.-under the same conditions are thus: blue, 0'66; red, 0-41; orange, 0 34. Doubling the iodine concentration (cf. experiment in previous paragraph) did not markedly affect these relative mobilities. It was not practicable to use still higher I2 concn., as this led to precipitation of the complexes. It was likewise difficult to do quantitative experiments at lower I2 conen. on account of the agar-I2 reaction referred to above, which led to actual I2 conens. being significantly lower than intended and difficult to control. However, the 586 I954 general effect of decreasing '2 concn. while maintaining conen. of KI constant was for the zones to become less intensely coloured and to approach more closely the electroendosmotic flow rate (ascertained using DNPE). The yellow-brown zone was the first to be affected in this way by decreasing I2 concn. and the blue zone the last. In the absence of '2 the polysaccharides all migrated at substantially the same rate, corresponding to that of electroendosmotic flow, as revealed by removing the cover from the gel and spraying it with 12-KI solution at the end of the run. The same result was obtained whether KI was present or absent during the run. The single zone thus observed had in all cases a somewhat orange-staining leading edge and a blue-purple trailing edge, indicative of adsorption or molecular-sieve effects (see Mould & Synge, 1954) . However, increasing the agar-agar concn. in the gel to 8 % (w/v), while intensifying this effect somewhat, did not lead to practically useful separations, and agar was accordingly abandoned for the electrokinetic ultrafiltration studies.
The effect of I2 in conferring anionic mobility on the polysaccharides could be conclusively demonstrated by omitting I2 from the gel, inlay and electrode perfusion fluids in the experiment described above. After running for a suitable time, Ia was then added to the cathode perfusion fluid.
The boundary of a yellow region then migrated into the gel from the cathode end with the velocity characteristic of I. and when this boundary met the polysaccharide zone advancing towards the cathode the characteristic colour play and resolution commenced, the resulting zones migrating as in the original experiment except that the point of origin had been displaced several cm. towards the cathode.
Preparative fractionation by continUouo electrophor-esis The colour of the iodine-iodide complexes being a function of the molecular weight or degree of polymerization (DP) of the straight chain polysaccharides (Swanson, 1948; Bailey, Whelan & Peat, 1950) , the striking electrophoretic separation in agar gels appeared to offer a possibility of fractionation of the hydrolysis products of amylose into a molecular-weight series. The portion of gel containing the appropriate fraction might be cut out and the polysaccharide allowed to diffuse out into free solution, but the agar tends to disperse into solution and gives components of low molecular weight which are difficult to separate (cf. Gordon & Reichard, 1951) . Even if the method was practicable, the amounts that could be handled would be small. For preparative work continuous electrophoretic fractionation has been carried out in an apparatus similar to that devised by Svensson & Brattsten (1949) . Apparatus (Fig. 1) . The apparatus has been enlarged and modified forlarge-scale separation ofa mixture into fractions differing by 10-5 cm.2V-1 sec.-' in mobility. The internal dimensions of the Perspex trough were 14 x 20 x 0-8 in., the base being slotted with fifty-one grooves, 0-25 in. in depth.
(It was subsequently found advantageous to increase the effective depth of the slots by projecting the sides 0-75 in. into the trough so that when the fractionated material entered the slots it was still within the influence of the electric field.) A short length of stainless-steel tubing (int. diam. 1 mm.) is inserted into each groove, the centres being 0-25 in. apart. The outlet tubes are connected by thin-bore Polythene tubing to individual siphons of adjustable height held by clips to a wooden frame, the siphon outlets dripping into collecting flasks. Sheets of plate glass with 1 in. thick Rubazote sponge-rubber gaskets (Expanded Rubber Co. Ltd., Croydon) form cooling troughs through which tap water circulates on either side of the Perspex trough, the whole arrangement being bolted together between two mildsteel frames. Two thin Perspex walls are inserted in the centre of the trough at the upper edge to form a chamber 0-125 in. in width to permit introduction of the mixture to be analysed. Instead of using powdered glass as the stabilizing medium, an improved regularity of flow and diminished adsorption was obtained by filling the trough with grade 12 ballotini beads (English Glass Co. Ltd., Leicester) 0-2 mm. diam. About 16 lb. of glass beads were required to fill the trough. Blockage of the outlet tubes by the medium was prevented by packing the slots in the base with glass wool. For the elimination of gassing and contamination by electrolysis products the electrode chambers were perfused independently of the stabilizing medium. A platinum wire was mounted in the centre of a 0-5 in. diam. Tufnol (Tufnol Ltd., Manchester) tube, 24 in. long, fitted at one end with inlet and outlet arms. The tube had a 0-25 in. milled slot 17 in. long to within 0-5 in. of the base and was placed inside a cellophan dialysis-tubing sac pulled tight over the milled slot and held in position by cotton at intervals along the length. Both electrodes were inserted into the trough before filling it with the glass beads. The performance of the electrodes was satisfactory, although after about 100 hr. electrophoresis at p.d. 350v and current 200 mA, the cellophan at the cathode tended to become brittle and had to be replaced. They were perfused with dilute alkali and acid at the anode and cathode respectively, the levels being maintained by a Polythene siphoning drainage tube. The level of the buffer solution in the filled trough was kept constant by a constant-head device, the two halves ofthe trough being connected by two small siphons. (a) Section through cell seen from front (dotted lines indicate steel frame). (b) Section through cell seen from side (electrodes removed). A, glass-bead filling; B, Perspex trough; C, mild-steel frame; D, steel bolts; E, buffer solution; F, siphon connecting two sections of trough; G6, mixture inlet chamber; H, stainless-steel outlet tubes; I, grooved base; J, electrodes; K, cellophan; L, platinum-wire electrodes; M, electrode perfusion inlet; N, electrode perfusion drainage siphon; 0, Rubazote gaskets for cooling troughs; P, plate glass; Q, Polythene outlet tubes; B, constanthead chamber; S, collecting siphon; T, collecting flask; U, buffer inlet to trough; V, buffer inlet to constant head; W, mixture inlet siphon. across the electrodes, producing a current of about 250 mA.
The temperature at the centre of the glass-bead packing was 180 under these conditions with tap-water cooling through the external troughs.
The scale of the continuous fractionation was largely determined by the concentration of the mixture. It was found that a solution of polysaccharide more concentrated than 1 mg./ml. retrograded, and precipitation of the iodine complex occurred at the high iodine concentration of the trough buffer, thus setting an upper limit to the concentration of the polysaccharide mixture. Under the flow conditions given above the rate of flow of the mixture was 12 ml./ hr. so that, allowing for the time taken to flow through the trough, in a continuous 8 hr. electrophoretic run about 60-70 ml. could be fractionated in a day. The process being continuous, longer runs up to 12 hr. have been made. Solutions of salivary a-amylase-hydrolysed amylose taken to various stages of hydrolysis as determined by 'blue value' (B.V.) (Mould & Synge, 1954) were fractionated under these conditions. The polysaccharide solution was dialysed against distilled water for the removal of strong acid and alkali that would otherwise affect the acidity of the cell buffer in the region of the flowing mixture. Before introduction into the fractionation cell 0-05M-I,2 01M-KI was added to the polysaccharide solution to give the same final concentration of iodine as in the buffer.
In a typical fractionation of an enzymic hydrolysate (B.V. 0-56, the mixture with iodine-iodide then exhibiting a blue-purple coloration), a blue complex immediately separated away from a red complex and by the time the base of the trough was reached a distinct backgroundcoloured gap existed between the two bands. The red complex also separated from a slower-migrating yellowbrown complex, although there was not complete resolution. All the bands migrated electrophoretically towards the anode, the blue complex having the highest apparent mobility. The flow lines of the migrating complexes tended to be slightly curved due to the unbalanced small electro-endosmotic flow (Svensson & Brattsten, 1949) (Theorell & Akeson, 1942; Synge, 1951 (Jeanes, Wise & Dimler, 1951) showed the presence of short-chain dextrins (DP <10).
DISCUSSION
Electrophoreticfractionation of poly8accharides Many naturally occurring polysaccharides do not contain ionizing groups and thus, being uncharged insolution, cannot be fractionated by electrophoretic procedures. In fact this electrical neutrality provides a satisfactory basis for the separation of mixtures of charged protein material and carbohydrates (reviewed by Svensson, 1948) , and for the isolation of the protein moiety from proteinpolysaccharide complexes. There are few examples ofthefractionation ofuncomplexed polysaccharides. Samec and others (reviewed by Samec & Blinc, 1938 ; see also Dahl, 1940; Hopkins, Stopher & Dolby, 1940) have fractionated native tuber starches into amylopectin and amylose components by electrodecantation in a vertical field, the phosphate groups esterified to the amylopectin (Posternak, 1935 (Posternak, , 1951 Schoch, 1942) causing migration to the anode while the uncharged amylose remains in the supernatant solution. The fractionation is complicated by the presence of charged impurities and the amylose tends to retrograde and precipitate. Phosphate groups are only loosely bound to cereal starches (Posternak, 1935 (Posternak, , 1951 Schoch, 1942) and the amylose and amylopectin components are not electrophoretically separable. Saric & Schofield (1946) studied the dissociation of carboxyl and hydroxyl groups of cellulose, starch and other polysaccharides in strongly alkaline solutions and found that in 5N alkali at pH 14-7 it may be regarded as analogous to the dissociation of a weak polybasic acid. The high current density, ohmic heating and increase in diffusion introduce difficulties in the application of this interesting behaviour for the electrophoresis of polysaccharides. Isherwood (1949) , however, reported that various cellulose-type cell-wall polysaccharides migrate with different mobilities under these alkaline conditions and that the formation of one boundary was a strong indication that only one polysaccharide was present. These experiments have been repeated by Colvin, Cook & Adams (1952) using polysaccharide mixtures in M alkali with a failure to obtain repeatable electrophoretic patterns. They suggest that the adsorption of the hydroxyl ions on the large neutral molecules would mask any differences in the ionization constants of the hydroxyl groups, and they demonstrated this effect in the separation of sodium alginate from laminarin.
Electrophoretic techniques have been successfully applied to polysaccharides containing ionizing groups such as the polyuronic acids (Saverborn, 1945) Gardell, Gordon & Aqvist, 1950) . A spread of mobilities with no definite separation, presumably indicating heterogeneity, has been observed with carrageenin (Cook, Rose & Colvin, 1952) . The enzymic and acid demethylation of pectin has been compared in terms of the spread of electrophoretic mobilities (Speiser, Copley & Nutting, 1947 (cf. Cramer, 1951) . Norberg & French (1950) also described the oxidation of short-chain reducing oligosaccharides to the corresponding acids by alkaline hypoiodite, which after conversion into the potassium salts could then be separated electrophoretically.
It would appear that a more extensive application of electrophoretic fractionation techniques to polysaccharides is only possible if attention is directed towards the formation of charged complexes. The separation of sugar-borate complexes by paper electrophoresis has been developed (Consden & Stanier, 1952; Jaenicke, 1952; Michl, 1952; Micheel & van de Kamp, 1952) and has been extended for the study of related compounds (Foster, 1952a, b; Foster & Stacey, 1953) . The mechanism of borate-complex formation in relation to methylated sugars, cyclitols, glucosaminides, glycosides and disaccharides has been discussed (Foster, 1953 ; see also Woodin, 1952) . Fractionation of the electronegative cellulose-cupriethylenediamine complex into two migrating boundaries characteristic of the dissolved cellulose has also been reported (Adams, Karon & Reeves, 1951) .
The decrease in electrophoretic mobility of the iodine-iodide complexes of the hydrolysis products of amylose with decreasing chain length has led to possibilities of fractionation according to molecular weight.
Electrophoretic fractionation of hydrolyMsi products of amylose as iodine-iodide complexes
The electrophoretic fractionation separates the hydrolysate into (1) a scarcely staining zone DP< 10, (2) an orange-staining zone DP 10-25, (3) a red-staining zone DP 25-40, and (4) a bluestaining zone DP 40-130, the upper limit depending on the degree of hydrolysis. The zones are separated by gaps in which polysaccharide is absent.
A decrease in the longest chain length in the hydrolysate with increasing hydrolysis is observed (Table 1) . A series of separations of a-amylase Table 1 . Estimated chain length in electrophoretic fractions from amylose hydrolysed with cx-amylase DP was estimated by electrokinetic ultrafiltration (Mould & Synge, 1954 hydrolysates of decreasing B.V. has been made and the relative amounts of blue-and red-staining material estimated (Table 2) . As would be expected, the ratio of blue material to red material falls with increasing degree of hydrolysis, although it is interesting to observe that even at a low B.V. (0-2), where the iodine-staining colour of the hydrolysate is predominantly red, there is still a comparatively high amount of the blue material still present. The greater spread of chain lengths observed in the acid hydrolysate would be expected as a result of a more random breakage of the polyglucosidic chains during acid hydrolysis compared with a-amylase hydrolysis (cf. Meyer & Gonon, 1951) .
Structure of the iodine-iodide complex and electrophoretic mobility In a consideration of the formation of a charged complex of the dextrin with iodine-iodide solution the conception of a helical structure of the polysaccharide molecule with an inner core of resonating iodine atoms (Hanes, 1937; Freudenberg, Schaaf, Dumpert & Ploetz, 1939; Bear, 1942; Rundle & Baldwin, 1943; Baldwin, Bear & Rundle, 1944; Stein & Rundle, 1948 ) is extended to include iodide ions as supplying the resonating electrons (Gilbert & Marriott, 1948) .
A limited study (Mould, 1954) of the potentiometric titration of the electrophoretically separated fractions with iodine has been made using the method of Gilbert & Marriott (1948 ) (cf. Bates, French & Rundle, 1943 Dvonch, Yearian & Whistler, 1950) . The characteristic blue coloration increases in intensity during the formation of the complex 3I2-yI. In the case of the red-staining material the complex 2I2-y'I is formed. The evaluation ofy and y' has not been attempted owing to the lengthy experimental work involved.
The ultraviolet and visible absorption spectra of the fractions when in complex formation with iodine have also been examined (Mould, 1954) , and it has been shown that in the longer helices giving a blue coloration there is probably a strong polarizing effect of the I-ions on the I2 molecules in the chain, with a gradual extension in the average separation between the iodine atoms in the core as the length of the helix increases. With decreasing chain length and shift of the absorption peak in the visible railge to shorter wavelengths, there is a tendency towards the formation of an I3,-type complex.
Without further extensive potentiometric studies of the complex structure, which may be complicated by surface adsorption of iodine (Mould, 1954) , one can only speculate as to the probable nature of the complex. The supposition is made here that the colour and mobility of the blue migrating complexes are determined by the presence of a (3J2-2IF)n grouping (similar to the structure of an amyloseiodine-iodide complex reported by Gilbert & Marriott (1948) ) and that the colour and mobility of the red migrating complex are determined by an (I,-)n grouping. A length along the helix of 8k per single turn of 6 glucose units is taken from the data of Dombrow & Beckmann (1947) . The ratio of the length of the iodine-iodide core to the length of the helix increases with DP so that the net charge and amount of iodine absorbed will increase rapidly with DP. A linear array of three (3I2-21F) groups may exist in a helix ofDP 72, length 96A, giving a charge/ mass ratio 4-1 x 10-4. The average separation between the iodine atoms in such a linear resonating array is 3-1A (Hach & Rundle, 1951; Cramer, 1951; Cramer & Herbst, 1952) , although such stable conditions are probably not attained in the present case. The length of the 9I27-6I complex considered would therefore be < 701. Allowing for a decrease in diffusion coefficient with increasing DP in relation to the increasing net charge, it is conceivable that the electrophoretic mobilities may only extend over a narrow range. In the red-staining dextrins a loosely bonded linear array of two IJ-ions may exist in a helix of DP 36, length 48k, giving a charge/mass ratio 3-0 x 10-'. Assuming a length 5-921 for the I,-ion (Mooney, 1935 ) and 3-01 for the separation between the two ions, the distance between the extreme atoms of the 2I2-2I-complex is 14-81. The mobility of a short dextrin complex is reduced therefore by virtue of the very short iodine-iodide core that can be established.
Whether or not this speculation proves correct the apparently abrupt change in the mobility and colour of the iodine-iodide complex over a narrow range of chain lengths at approx. DP 40 is striking. Failure to isolate material of intermediate chain length giving a purple stain in free solution raises the question of whether the purple stain (observed with partial hydrolysis of amylose and with amylopectin, etc.) corresponds to a true complex or a mixture of red and blue complexes arising from the competition of the polysaccharides for iodine and iodide ions. The purple coloration of partially hydrolysed amylose could obviously arise from a mixture of red and blue complexes and it has also been shown ) that in an enzyme-synthesized polyglucose of average DP 45 there would be a statistical spreading of the chain lengths sufficient for the formation of both red and blue complexes. A definite conclusion as to the colour of the complex over a narrow range of DP could be made by refinement of the electrokinetic ultrafiltration procedure (Mould & Synge, 1954) to give material of narrow DP range. It is suggested that in this critical range around DP 40, there may be a sudden change in the type ofcomplex dependent on the formation of a longer iodine-iodide core, so that, according to the availability of iodine, the dextrin may form either a red or blue complex.
It was not possible to derive values for the mobility of the complexes from their movements in the preparative cell. Mobilities could be calculated from the agar-gel experiments but were only strictly applicable for electrophoretic movement through the gel medium itself. There was also no control of temperature during the separation. For these reasons only the relative mobilities of the various complexes have been considered.
The potentiometric titration of the fractionated dextrins with iodine-iodide solution (Mould, 1954) has shown that the minimum concentrations of iodine required for saturation in 1O-3M-KI are 1.0 X 10-5M, 3-2 x 10-M, and 150 x 1O-5M respectively for the blue, red and orange complexes. During fractionation in the preparative cell the complexes were therefore under saturation conditions, and increasing the iodine concentration above 0-0005M in the agar-gel experiments did not in fact affect the relative mobility of the complexes. However, as observed in these experiments, progressively decreasing the iodine concentration will obviously prevent the formation ofthe yellow-brown complex first and the blue complex last. Gilbert & Marriott (1948) , in their potentiometric studies of amylose-iodine complexes, found that the blue colour of the amylose complex developed when the ion (3Ig-2I7) was present but at lower iodine concentrations a small quantity of another ion suggested as (2I2-I-) is formed. The presence of ions of lesser charge in low iodine concentration could also be inferred from the potentiometric titration curves of the fractionated dextrins considered here (Mould, 1954) . The broadening of the mobilities and change in direction of migration of the blue complex during the initial stages of electrophoresis in agar gels provides further evidence for the existence of these unsaturated complexes. SUMMARY 1. Partial hydrolysates of amylose are resolved into four separate coloured zones by zone electrophoresis in agar jelly in the presence of iodineiodide. The effects on the resolution of varying the iodine-iodide concentration are described. N-2:4-Dinitrophenylethanolamine was used as a marker of electroendosmotic movement.
2. Continuous electrophoretic fractionation of ax-amylase-hydrolysed amylose in the presence of iodine-iodide has been carried out in an apparatus similar to that of Svensson & Brattsten (1949) .
3. Four fractions have been isolated in a saltfree state, viz. material from (a) a non-staining zone having degree of polymerization (DP) < 10; (b) an orange-staining zone DP 19-25; (c) a red-staining zone DP 25-40; (d) a blue-staining zone DP 40-130 (the upper limit depending on the degree of hydrolysis).
4. With improvement of technique fraction (d) could probably be further fractionated. The method is applicable to the study of enzymic breakdown of high-molecular starch-like polysaccharides and possibly to the fractionation of polydisperse substances such as amylopectin or glycogen.
5. Possible structures of the various iodineiodide-dextrin complexes are discussed, and it is suggested that there is a sudden change in the type of complex formed at DP ca. 40. The purple-staining complexes formed by dextrins in the range DP 40-50 may be a mixture of red-and blue-staining complexes.
We are grateful to Dr G. A. Gilbert The formation of coloured complexes in starchiodine-iodide solutions is of interest in relation to the structure of starch components and also as to the nature of the molecular linkage and optical absorption in iodine-iodide chains. The establishment of the helical structure of the amylose fraction of starch (Hanes, 1937; Freudenberg, Schaaf, Dumpert & Ploetz, 1939; Bear, 1942; Rundle & Baldwin, 1943; Spark, 1952) and the potentiometric titration of amylose with iodine (Bates, French & Rundle, 1943; Gilbert & Marriott, 1948; Higginbotham, 1949) have led to the idea of a collinear core of iodine and iodide molecules arranged end-to-end inside the amylose helix. Recent advances in the enzymic synthesis of a homologous series of straight-chain polysaccharides consisting ofglucose residues in oc-1:4 linkage (Cori & Cori, 1939; have opened up a possible extension of the potentiometric and other methods of investigation for the study of the changes in the iodine-iodide structure and its relation to the change of colour and optical absorption spectra of the complex (Bailey, Whelan & Peat, 1950) .
The potentiometric titration of amylose (Bates et al. 1943 ) and of fractionated preparations of hydrolysed amylose (Dvonch, Yearian & Whistler, 1950) with iodine have shown that the bulk of iodine in the complex is absorbed at constant activity, followed by a slow increase, attributed to surface absorption, with the continual increase in the concentration of free iodine as the titration proceeds. For a straight-chain amylose less than ca. 100 glucose units it is not possible to distinguish clearly between surface absorption and complex formation. (The order of chain length stated by Dvonch et al. is based on earlier possibly inaccurate spectrophotometric estimates of chain length by Swanson, 1948 : cf. Bailey et al., 1950 Bailey, 1952 .) The iodine activity required for complex formation is a function of the molecular weight of the amylose, being lower for samples of higher molecular weight. Long helices tend to be filled before short ones can absorb appreciably, the stability of the iodine-
